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Abstract 
In this paper the effect of heat on the performance of novel energy harvester (NEH) by using PZT-5H circular transducers was 
mentioned. PZT-5H circular transducers were heated at three different temperatures such as 200C, 600C and 1000C and tested on 
20g exciter under sinusoidal support excitation by using NEH. The observations were made on three parameters: temperature 
effect on impedance, temperature effect on resonant frequencies and temperature effect on the output voltage. At 200C, the output 
voltage is 23 V  and at 1000C  the output voltage is 18 V is recorded. The observation is that the temperature effects the 
performance of PZT-5H circular transducers. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICOVP 2015. 
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1. Introduction 
In 1880, Curie brothers discovered the piezoelectricity. They used quartz material for their research. 
Piezoelectricity is the property of some materials to generate an electricity in response to applied mechanical load. 
Direct piezoelectric effect is the occurrence of generation of a voltage under mechanical stress. Converse 
piezoelectric effect is the occurrence of stress and strain when electric field is applied. 
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Nomenclature 
 
δ    Mechanical strain      σ       Mechanical Stress 
Y   Modulus of Elasticity                 d33     Piezoelectric strain coefficient  
E    Electric field      D       Electric Charge Displacement  
ε    Dielectric constant of piezoelectric material m      The proof  mass 
c    Damping coefficient                   k       Spring stiffness 
ξ    Damping factor     ω       Forced frequency 
 
 
The piezoelectric ceramics are highly brittle and they have better electromechanical properties when compared to 
the piezoelectric polymers. The upshot of annealing temperature on dielectric and ferroelectric properties of  lead 
zirconate titanate(PZT-5H) thin films produced by oxide precursor method. Dielectric constant and dissipation 
factor were measured  at 100  and film crystallized at 7000C for 1 hour in a paper [1].There are many researchers has 
studied the effect of temperature on structural level [2, 3], thermal [4] and electrical properties [5]. In contrast to the 
studies on the dielectric, structural and electromechanical properties, there have been few reports on thermal 
behaviour in the PZT-5H systems. Not only knowledge of specific heat behaviour of the ferroelectric materials is 
important for both scientific and technological purposes, but also is more suitable for studying the phase transition 
behaviour than the structural properties test [6]. Because the specific heat (Cp) integrates over all possible 
temperature-dependent contributions to the free energy occurring on the time scale of the measurements. These 
contributions include the thermal evolution of the primary order parameter as well as contributions arising from 
coupling with other possible relaxations of the structure. The specific heat is also very sensitive to the presence of 
lattice defects that influence the phase transition but may not be clearly revealed in X-ray diffraction or dielectric 
permittivity measurements [7]. Heckman has elaborated the interaction between the stress, electric field and 
temperature with a simple diagram as shown in figure 1. In this paper authors applied the method of direct 
piezoelectric effect on the PZT-5H transducers after heating at different temperatures and studied the effect of 
temperature on the output voltage. 
 
 
  
                                           
 
                  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Interaction between mechanical, thermal and electrical processes 
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2. Mathematical modelling of novel energy harvester(NEH) 
PZT-5H 5H material  having a density of 7.6 g/cm3 , Piezoelectric voltage constant of 24.8x10-3 m2/c, relative 
dielectric constant of 1900, modulus of elasticity of 6.3x1010N/m2 ,  curie temperature is 3200 C and Piezoelectric 
charge constant of 400x10-12m/V [14]. We have used the 9 grams lead ball as a impact loader on the PZT-5H 5 H 
patches during excitation. Lead is having a properties of density is 11.3 g/cm3, modulus of elasticity as 16 GPa and 
Poisson ratio as 0.44. The constitutive equations of PZT-5H 5H are as fallows [8]. 
 
                                                                                 33δ = σ/Y + d E               (1) 
                                                                                33D = ε E + d σ               (2) 
 
The displacement of lead mass related to the shaker is  ( )z t   
 
The displacement of support is     ( ) ( ) ( )z t x t y t           (3) 
 
Then the differential equation of motion is   ( ) ( ) ( ) ( )mz t cz t kz t my t             (4) 
 
                                         
 
 
      
              
        
                                             (5) 
 
 
 
The total power dissipated in the damper under sinusoidal excitation was found to be given as [9] 
 
                                               (6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
Fig. 2. Equivalent mathematical model of NEH 
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3. Experimental procedure 
Figure 3b demonstrates the CAD model of NEH on 20g exciter. For designing NEH ,two unimorph PZT-5H 
circular transducers having a diameter of 35 mm and 4 mm thickness, two supporting plates made of iron, size 5 x 5 
x 0.2 cm  and these two plates and PZT-5H circular transducers are supported by cylinder plastic pipe , length is 5 
cm and diameter is 24 mm. A lead ball of 9 grams weight is used inside the cylinder to strike the PZT-5H 
transducers which have been heated already in oven at 200C, 600C and 1000C for one hour.  The PZT-5H circular 
transducer is placed in a oven as shown in figure 3a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3a. Heating of PZT-5H transducer inside the oven 
 
The heated PZT-5H transducers are used in the NEH and measured their performance by using 20g exciter at 
different frequencies and amplitudes. GW Instek digital storage oscilloscope has been used for measuring the output 
voltage. Sinusoidal excitation has been given to the support of the NEH via oscillator and amplifier. The 
arrangement of oscilloscope, amplifier, exciter and NEH have been shown in the figure 4. In the figure 4, the 
accelerometer connection to oscilloscope is not visible. 
 
 
 
Fig.3b. CAD model of NEH on 20g exciter Fig.4. Schematic diagram of experimental setup with NEH 
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4. Results and discussion 
After heating the PZT-5H circular transducers at 200C, 600C and 1000C at a period of 1 hour in an electric oven, 
which were tested on the 20 g exciter for observing the effect of temperature on the output voltage. The experiments 
were done and studied the effect of temperature on Impedance, resonant frequencies and finally the output voltage 
of PZT-5H transducers. Here the output voltage is AC. The experiments were performed to measure temperature 
effects on variation of impedance of the PZT-5H disc to determine the effect on resonant frequency. The measured 
impedance is graphically presented in figure 5 at different frequencies. When the temperature rises, the magnitude of 
the impedance decreases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5.Effect of Temperature on the electrical impedance of a PZT-5H disc 
 
Figure 6 describes the experimental data for the change in the natural frequency of the PZT-5H disc as a function 
of temperature. By observing the graphs at temperatures of 200C, 600C and 1000C, that the increase in temperature 
leads to decrease in resonant frequencies due to modulus of elasticity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Change in frequency of the PZT-5H disc with temperature 
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It is observed from figure 7 that the increase in temperature decreases the output AC voltage from the NEH. The 
Vpeak-peak is maximum at 200C and is minimum at 1000C. At 200C, Vpeak-peak is 23 V and 18 V at 1000C. The 
constitutive equations explains that the V is proportional to d33 and inversely proportional to ε. As temperature 
increases both d33 and ε also increases, but the increase in ε is more prominent as compared to d33 and hence the net 
effect is decrease in the output voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Effect of temperature on the output voltage 
 
 
5. Conclusion 
The PZT-5H circular transducers were heated in the electric oven at 200C, 600C and 1000C for a period of one 
hour and tested on 20g exciter under sinusoidal excitation.  The effect of temperature on impedance, resonant 
frequencies and output voltage were studied. The conclusion is at 200C (V peak -peak is 23) the effect of 
temperature is less in comparison to 1000C (V peak -peak is 18) and thus temperature effects the performance of 
PZT-5H transducers. 
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